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Self-reported lliness and Health Status

Among Gulf War Veterans
A Population-Based Study

The lowa Persian Gulf Study Group

Objective.—To assess the prevalence of self-reported symptoms and illnesses
among military personnel deployed during the Persian Gulf War (PGW) and to
compare the prevalence of these conditions with the prevalence among military
personnel on active duty at the same time, but not depioyed to the Persian Guif
(non-PGW).

Design.—Cross-sectional telephone interview survey of PGW and non-PGW
military personnel. The study instrument consisted of validated questions, validated
questionnaires, and investigator-derived guestions designed to assess relevant
medical and psychiatric conditions.

Setting.—Population-based sample of military personnel from lowa.

Study Participants.—A total of 4886 study subjects were randomly selected
from 1 of 4 study domains (PGW regular military, PGW National Guard/Reserve,
non-PGW regular military, and non-PGW National Guard/Reserve), stratifying for
age, sex, race, rank, and branch of military service.

Main Outcome Measures.—Self-reported symptoms and symptoms of medical
illnesses and psychiatric conditions.

Results.—Overall, 3695 eligible study subjects (76%) and 91% of the located
subjects completed the telephone interview. Compared with non-PGW military
personnel, PGW military personnel reported a significantly higher prevalence of
symptoms of depression (17.0% vs 10.9%; Cochran-Mantel-Haenszel test statis-
tic, P<.001), posttraumatic stress disorder (PTSD) (1.9% vs 0.8%, P=.007), chronic
fatigue (1.3% vs 0.3%, P<.001), cognitive dysfunction (18.7% vs 7.6%, P<.001),
bronchitis (3.7% vs 2.7%, P<.001), asthma (7.2% vs 4.1%, P=.004), fibromyalgia
(19.2% vs 9.6%, P<.001), alcohol abuse (17.4% vs 12.6%, P=.02), anxiety (4.0%
vs 1.8%, P<.001), and sexual discomfort (respondent, 1.5% vs 1.1%, P=.009; re-
spondent’s female partner, 5.1% vs 2.4%, P<.001). Assessment of health-related
quality of life demonstrated diminished mental and physical functioning scores for
PGW military personnel. in almost all cases, larger differences between PGW and
non-PGW military personnel were observed in the National Guard/Reserve com-
parison. Within the PGW military study population, compared with veterans in the
regular military, veterans in the National Guard/Reserve only reported more symp-
toms of chronic fatigue (2.9% vs 1.0%, P=.03) and alcohol abuse (19.4% vs 17.0%,
P=.004).

Conclusions.—Military personnel who participated in the PGW have a higher
self-reported prevalence of medical and psychiatric conditions than contemporary
military personnel who were not deployed to the Persian Gulf. These findings es-
tablish the need to further investigate the potential etiologic, clinical, pathogenic, and
public health implications of the increased prevalence of muitiple medical and psy-

chiatric conditions in populations of military personnel deployed to the Persian Gulf.
JAMA. 1997,277:238-245

A complete list of the members of the lowa Persian
Gulf Study Group appears at the end of this article

Repants: David A. Schwartz, MD. MPH, Department
of internal Medicine, SE318 GH, The University of lowa
Coilege of Medicine. lowa City, |A 52242-1081
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DURING Operations Desert Shield and
Desert Storm, approximately 697 000 US
military personnel were deployed to the
Persian Gulf theater. These military op-

erations were unique compared with prior
service periods in that a large proportion
(17%) of deployed personnel were from
Naticnal Guard and Reserve units, and
women were deployed in relatively large
numbers (7% of the entire force). Shortly
after returning to the United States, some
Persian Gulf War (PGW) veterans began
toreport a variety of symptoms they sus-
pected were related to their military ser-
vice in the Persian Gulf.! The symptoms
most commonly reported among PGW
veterans were fatigue, joint pain, sleep
disorders, memory loss, headache, and
rash.'* The population-based frequency
of these problems and their causes have
not been clearly determined. A variety of
possible causes have been postulated for
PGW veterans’ unexplained illnesses, in-
cluding infectious agents (eg, leishmani-
asis), environmental and ambient pol-
Jutants (eg, petroleum and petroleum
combustion products, pesticides, chemi-
cal agent-resistant coating paint, smoke
from oil-well fires, and sand), medical pro-
phylaxis (eg, anthrax and botulinum toxin
vaccines and pyridostigmine bromide), de-
pleted uranium munitions, biological and
chemical warfare agents, and psychologi-
cal stressors. However, to date, there has
been no convincing epidemiologic or bio-
logical evidence that a single illness or
cause explains the variety of symptoms
PGW veterans are reporting.'*®

See also pp 215, 223, 231, and 259.

Information regarding the prevalence
of illness among PGW veterans has been
based on data from self-referred regis-
tries established by the Department of
Defense and the Department of Veter-
ans Affairs. These Persian Gulfregistries
have added useful information regarding
the spectrum of health concerns among
PGW veterans. The most recent analysis
of the Department of Defense’s Compre-
hensive Clinical Evaluation Program data
on 18598 Gulf War veterans found no
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evidence for a unique illness affecting
PGW veterans.® Instead, participants re-
ported a wide variety of symptoms af-
fecting multiple organ systems. The most
common primary diagnoses were psycho-
logical conditions (18.4%), multisystemic
conditions (17.9%), and disorders affect-
ing the musculoskeletal system (18.3%).
However, these data are of limited value
for determining the prevalence and inci-
dence of illnesses because they are not
representative of the population of PGW
veterans and do not include comparison
populations. Obtaining data on a compa-
rable control group of veterans who were
not deployed to the Persian Gulf (non-
PGW) is essential because the symptoms
cited most frequently by PGW veterans
are common in the general population.

The purpose of the present study was
to assess the prevalence of self-reported
symptoms and illnesses among Iowa PGW
veterans and to compare these rates with
the prevalence of these medical and psy-
chiatrie conditions among Iowa non-PGW
military personnel. We also explored the
relationship between self-reported medi-
cal and psychiatric conditions and type of
military service (active duty vs National
Guard/Reserve). Because of the limited
epidemiologic data on the health status of
PGW veterans, we used a broad health
assessment approach. However, the ex-
isting literature*® permitted us to hypoth-
esize that certain medical and psychiatric
conditions were more likely to be reported
in PGW veterans. The primary medical
and psychiatric conditions evaluated were
depression, posttraumatic stress disor-
der (PTSD), chronic fatigue, cognitive dys-
function, and respiratory (airway) disease.
Additional medical outcomes also were
assessed, including health-related qual-
ity of life, fibromyalgia, alcohol abuse,
anxiety disorders, injuries, reproductive
health, and cancer.

METHODS

Study Population

Two criteria were used to determine
which military personnel were eligible
for inclusion: (1) lowa listed as the home
of record on the individual’s initial mili-
tary record and (2) service in the regu-
lar military or activated National Guard/
Reserve some time from August 2, 1990,
through July 31, 1991, the PGW period.
Listing Iowa as the home of record did
not signify that subjects either had re-
cently lived in Towa or had lived in Iowa
for prolonged periods. The Defense Man-
power Data Center, Monterey, Calif, op-
erated by the Department of Defense,
provided study investigators with iden-
tifying demographic and military infor-
mation for 29010 military personnel
potentially eligible for inclusion in our
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study. Forty-two of these records were
not included in the final study popula-
tion for various reasons (24 from the
pilot study cohort, 14 recalled retirees,
2incomplete identifiers, and 2 duplicate
records). Thus, the final study popula-
tion consisted of 28 968 persons.

Definitions.—Each individual was
classified into 1 of 4 study domains: PGW
regular military, PGW National Guard/
Reserve, non-PGW regular military, and
non-PGW National Guard/Reserve. The
PGW cohort was defined as those
military personnel who served in the
PGW theater some time in the PGW
period. The non-PGW cohort was de-
fined as those military personnel who
did not serve in the PGW theater but
were on active duty or were activated
some time within the PGW period. Regu-
lar military personnel were defined as
those classified as active-duty person-
nel some time in the PGW period. Na-
tional Guard/Reserve personnel were de-
fined as those classified as National
Guard or Reserve personnel some time
in the PGW period. Within each study
domain, the population was further
stratified by age (=25 or >25 years),
sex, race (white or black/other), rank
(officer or enlisted), and branch of ser-
vice (army, navy/coast guard, air force,
or marines). This approach resulted in
64 potential strata within each of the 4
study domains.

Sampiing Procedure.—The sample
was designed as a stratified random
sample with proportional allocation. Sub-
jects who were interviewed in the pilot
study were not eligible for the main
study sample. Independent samples
were selected from each of the 4 do-
mains, with the goal of interviewing 750
subjects from each domain. Subjects
were selected for proportional repre-
sentationin the study domain. However,
small strata were oversampled. Ifa stra-
tum had only 1 subject in the domain,
then that subject was selected. If the
proportional allocation would have se-
lected fewer than 2 subjects from a stra-
tum, then 2 were selected. The sample
was selected in 2 stages. In the first
stage, approximately 750 subjects were
selected from each domain. After ap-
proximately 1600 subjects had been in-
terviewed, we estimated how many ad-
ditional subjects we would need to add
to the sample to attain the goal of 750
subjects interviewed from each domain.
Based on these data, a supplementary
sample was selected using exactly the
same proportions as used for the first
stage. This resulted in a final sample
size of 4886. The 2 stages of the sample
were treated as 1 sample in the analysis.
Every effort was made to interview all
4886 subjects.

Medical and Psychiatric Conditions
and Exposure Assessment

The specific medical and psychiatric
conditions investigated in this study were
based on results from published consen-
sus opinions of PGW panels!* and were
defined clearly prior to the development
of our survey instrument. For both the
primary and additional medical and psy-
chiatric conditions, specific symptom pat-
terns were used to define whether an
individual’s symptoms suggested a par-
ticular disorder (or dysfunction). The cri-
teria for these definitions were devel-
oped by the study investigators prior to
the beginning of the data anatysis. Most
of the medical and psychiatric conditions
were defined based on answers to mul-
tiple questions and using accepted ecri-
teria from standardized instruments and
the medical literature. Self-reported ex-
posures in the Persian Gulf were evalu-
ated based on the number, type, and du-
ration of exposure and the onset of
symptoms immediately following expo-
sure. The PGW theater was defined as
the Southwest Asia theater of operations
(Persian Gulf, Iraq, Kuwait, Saudi Ara-
bia, Red Sea, Gulf of Oman, Gulf of Aden,
northern portion of the Arabian Sea,
Oman, Bahrain, Qatar, and United Arab
Emirates). We divided the PGW sub-
jects into 3 groups based on the area in
which the subject reported spending the
most time during the PGW period: (1)
Iraq, Saudi Arabia, or Kuwait; (2) other
countries in the Middle East; or (3) wa-
ters bordering the Middle East.

Survey Methods

Instrument Development.—The study
instrument was developed by the inves-
tigators to assess a broad array of health
concerns and to determine the self-re-
ported prevalence of symptoms sugges-
tive of specific medical and psychiatric
conditions. Wherever possible, standard-
ized questions, instruments, and scales
were used to enhance the validity and
generalizability of the results. Sources of
questions included the National Health
Interview Survey,” the Behavioral Risk
Factor Surveillance Survey,® the Health
Status of Vietnam Veterans Telephone
Survey,” the National Medical Expen-
ditures Survey,”® the Primary Care
Evaluation of Mental Disorders (PRIME-
MD)," the Brief Symptom Inventory
(BSI),”2 the CAGE questionnaire, the
PTSD Checklist-Military (PCL-M),* the
Centers for Disease Control and Pre-
vention Chronic Fatigue Syndrome Ques-
tionnaire,” the Chalder Fatigue Scale,®
the American Thoracic Society question-
naire," the Sickness Impact Profile,* and
questions to assess fibromyalgia, ! sexual
functioning,®# and military exposures.”
The Medical Outcomes Study 36-Item
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Short Form (SF-36) was used to assess
health-related quality oflife.2* (Additional
information regarding case definitions of
the medical and psychiatric conditions
and for types of PGW exposures is avail-
able from the authors on request.)
Recall Bias.—Recall bias was assessed
using several approaches. First, the 10-
item version of the Marlow-Crowne So-
cial Desirability Scale® was included in
the questionnaire. This scale measures
the tendency to respond to self-report
items in a socially desirable fashion and
consists of items that desecribe highly de-
sirable behaviors that have a low prob-
ability of occurrence. Second, we deter-
mined whether the presence of specific
medical and psychiatric conditions inter-
fered with the participant’s normal ac-
tivities. Finally, we determined the re-
lationship between exposures in the
Persian Gulf (self-reported and location-
dependent) and the presence of medical
and psychiatric conditions.
Administration of Survey.—The Sta-
tistical Laboratory Survey Section of
the Department of Statisties at lowa
State University, Ames, conducted the
telephone interviews. The study survey
was administered in 2 telephone inter-
views by trained personnel. An intro-
ductory interview was used to obtain
the subject’s consent and to collect gen-
eral military and demographic informa-
tion. The full health and exposure as-
sessments were conducted during the
main telephone interview. The introduc-
tory interview was administered in ap-
proximately 10 minutes (range, 3-30 min-
utes), and the main interview required
approximately 60 minutes (range, 28-
185 minutes). The interviews were con-
ducted from September 1995 through
May 1996, approximately 5 years after
Operation Desert Shield/Desert Storm.
Pilot Study.—The introductory and
main interviews were pilot-tested in 24
individuals from the study population
and in 3 military personnel outside of
the study population. Information from
the pilot study was used to refine and
finalize the introductory and main in-

terviews. Misunderstood questions were

clarified or eliminated.

Locating Strategies.—We used 3
commercial services to identify current
addresses and telephone numbers for
study subjects: Equifax (McLean, Va),
Telematch (Springfield, Va), and Trans
Union Corp (Des Moines, Iowa). Let-
ters introducing the study were mailed
to subjects with requests to the postal
service for forwarding and address cor-
rection. The letters also included a toll-
free telephone number and postage-paid
return card by which the subject could
provide new address and telephone in-
formation. Additional strategies included
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the use of Iowa Department of Motor
Vehicle records, military base locators,
directory assistance services, and na-
tional telephone directory CD-ROMs.

Telephone Interviews.—The interview
process was initiated by sending an in-
troductory letter and information sum-
mary. Within 5 to 7 days of the mailing,
a call was made to the subject to explain
the study, obtain consent, and conduct
the introductory telephone interview. Up
to 20 telephone call attempts were made
to each respondent in the sample for whom
a telephone number could be found, fol-
lowing a standard day, evening, and week-
end rotation scheme. If a respondent had
not been interviewed after 20 calls, the
supervisor evaluated the calling strategy
and determined whether additional ef-
forts should be made to contact the po-
tential study subject. If the subject was
identified as being institutionalized (in-
cluding incarcerated), an appropriate in-
stitutional administrative authority was
consulted to determine the procedures
for requesting contact and administering
the telephone interview. Telephone in-
terviews were conducted using a com-
puter-assisted telephone interviewing
software package (Computer-Assisted
Survey Methods Program, University of
California, Berkeley).”

Survey Administration.—Direct su-
pervision and monitoring continued
throughout the data-collection period us-
ing a computer-assisted telephone in-
terviewing monitoring program (Lan-
Assist, Microtest, Phoenix, Ariz). Ten
percent of each interviewer’s work was
randomly selected and monitored, and
the interviewers received regular feed-
back and evaluation. Supervisory review
of all interviews was performed prior to
submission for coding and data process-
ing. During the coding phase, when open-
ended responses were evaluated and as-
signed a value, 20% of the coders’ work
was checked by simultaneous recording
and review of the responses. If a coding
discrepancy existed, the problem was
resolved by supervisory personnel.

Response Reliability.—To assess the
test-retest reliability of subjects’ re-
sponses, approximately 5% of subjects
who had completed the introductory and
main interviews were systematically
sampled in chronological order for re-
interview 2 to 4 weeks after completion
of the main interview. The subjects in
the reliability sample were asked a pre-
selected subset of questions from both
the introductory and main interviews.

Data Analysis

The analysis was structured to exam-
ine the primary and additional medical
and psychiatric conditions in 4 compari-
sons: all subjects, PGW vs non-PGW;,

regular military, PGW vs non-PGW;
National Guard/Resgerve, PGW vs non-
PGW; and PGW only, National Guard/
Reserve vs regular military. Prevalence
was defined as the number of subjects for
whom the condition (or outcome) was pres-
ent, divided by the number of subjects
who reported the condition as present,
absent, or unknown, presented as a rate
per 100 study subjects. Period prevalence
rates were calculated, including the 1-year
period prior to the telephone interview.
Shorter periods were used for specific
outcomes, such as injuries (3 months), or
for general symptoms (1 month) when
available data indicated that a shorter
period would be more precise because of
potential recall bias. Prior to the study, a
2-tailed « value was established at .05.
Ninety-five percent confidence intervals
were calculated for each estimate. All
statistical analyses were performed us-
ing SUDAAN®*® or programmed using
SAS? to account for the complex sample
survey design. Population rates were
calculated using SUDAAN. Cochran-
Mantel-Haenszel rate differences were
calculated using the SAS/IML proce-
dure.” Cochran-Mantel-Haenszel rate dif-
ference estimates of each of the primary
end points were analyzed for the 4 major
comparisons, controlling for the stratifi-
cation variables.®® Rate differences were
used rather than rate ratios to emphasize
the public health impact of these medical
and psychiatrie conditions. The relation-
ships between each major medical and
psychiatric condition and each category
of exposure type were assessed using the
Cochran-Mantel- Haenszel x? test, adjust-
ing for the baseline strata. Linear regres-
sion was used to compare the mean re-
sponses for the health-related quality-
of-life scale, with separate regression mod-
els fitted for each of the 4 primary com-
parisons. The regression model included
terms for the strata as well as a term for
the primary comparisons. The parameter
estimate for the term for the primary
comparison provided an estimate and SE
for the difference between the means for
the 2 groups being compared.

The k coefficients® and percentage
agreement in responses were calculated
for each of the major medical and psy-
chiatric conditions studied.

RESULTS

The sample included 4836 eligible sub-
jects who were proportionately distrib-
uted across the strata (age, sex, race,
branch of service, and rank) (Table 1).
Overall, 3695 (76%) of the eligible study
subjects completed a telephone inter-
view. Study subjects in the following
strata were less likely to participate in
the interview: non-PGW military per-
sonnel, regular military personnel, those
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Table 1.—Distribution of Eligible Study Subjects and Study Participants Within Relevant Strata*

interview Completed

I 1
Eligible Study Telephone Contact, % of Eligible % of Contacted
Subjects, No. % of Eligible Subjects Subjects Subjects

Exposure status

PGW 2421 84.1 78.3 93.1

Non-PGW 2465 82.6 73.0 88.4
Military status

Regular military 2627 83.3 74.3 89.3

National Guard/Reserve 2259 83.4 77.1 92.5
Age, y

=25 2606 80.8 727 90.0

=25 2280 86.3 79.0 91.5
Sex

Male 4453 83.5 75.5 90.4

Female 433 82.0 77.4 94.4
Race

White 4624 84.3 76.6 90.9

Black/other 262 66.0 58.0 87.9
Branch

Army 2767 81.9 75.3 92.0

Air force 668 89.8 79.6 88.7

Marines 649 85.2 775 91.0

Navy/coast guard 802 81.6 72.0 88.2
Rank

Enlisted 4411 82.5 74.8 90.7

Officer 475 914 83.6 91.5
Total 4886 83.3 75.6 90.7

*PGW indicates Persian Gulf War.

25 years of age or younger, those with
black or other race or ethnic background,
navy or coast guard personnel, and en-
listed personnel (Table 1). The most im-
portant factor associated with partici-
pation was our ability to locate the
eligible study subject by telephone. Once
telephone contdct was made with an eli-
gible subject, a high proportion of indi-
viduals (87.9%-94.4% across all strata,
90.7% for all study subjects) agreed to
participate and completed the interview.
A death certificate search of intended
participants revealed a total of only 19
deaths in the sample (we estimate that
53 deaths would have been expected).

Among PGW military personnel, dif-
ferences were observed in the exposures
reported by the regular military person-
nel and the National Guard/Reserve per-
sonnel (Table 2). The regular military
personnel spent more time in the Per-
sian Gulf than the National Guard/Re-
serve personnel, who were called to ser-
vice later during the conflict. The large
number of military units represented by
the 2 PGW domains (regular military and
National Guard/Reserve) suggests a wide
range of troop movements and conse-
quent military exposures. Both study
groups reported similar total doses of
vaccinations, use of pyridostigmine bro-
mide, and exposure to some potentially
hazardous agents. The National Guard/
Reserve personnel reported higher
rates of exposure to smoke/combustion
products, pesticides, sources of infec-
tious agents, psychological stressors, and
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sources of lead from fuels than the regu-
lar military personnel.

Compared with non-PGW military
personnel, military personnel deployed
to the Persian Gulfreported significantly
higher prevalence rates of symptoms of
depression (major depression, minor de-
pression, chronic dysphoria, and any
depression), PTSD, chronic fatigue,
cognitive dysfunction, bronchitis, and
asthma (Tables 3 and 4). For the major
medical and psychiatric conditions, the
largest rate difference between PGW
and non-PGW military personnel was
observed for symptoms of cognitive dys-
function. Among the regular military
and National Guard/Reserve personnel,
similar differences were observed be-
tween PGW and non-PGW miilitary per-
sonnel; however, larger differences be-
tween PGW and non-PGW military
personnel were consistently demon-
strated within the National Guard/Re-
serve comparison (Tables 3 and 4).
Among the National Guard/Reserve per-
sonnel (but not the regular military per-
sonnel), symptoms of bronchitis and
asthma were more prevalent among
PGW military personnel. Among PGW
military personnel, National Guard/Re-
serve personnel had a higher prevalence
of symptoms suggestive of chronic fa-
tigue than regular military personnel.
However, no other differences were ob-
served for major medical or psychiatric
conditions between the PGW National
Guard/Reserve personnel and the PGW
regular military personnel. A total of

Table 2.—Reported Exposures Among Persian

Gulf Military Personnel
|

National
Regular Guard/
Military Reserve
(N=985) (N=911)

Estimated days in

theater, mean (SE) 167.8(2.5) 138.1(1.2)
No. of assigned units 820 137
No. of vaccinations

(injections and oral),

% of subjects

0 1.5 1.1
1-5 28.3 26.8
6-10 31.1 35.8
>10 33.6 271
Missing data 55 9.2
No. of pyridostigmine

tablets used,

% of subjects
0 45,7 40.8
1-10 17.7 27.0
11-30 14.6 15.0
>30 19.7 12.9
Missing data 23 43

Smoking history,
% of subjects

Never 449 451

Former 21.0 22.4

Current 341 325

Agent, % of subjects

Solvents/

petrochemicals 88.7 91.2
Smoke/combustion

products 85.2 96.0
Sources of infectious

agents 84.0 92.6
Psychological stressors 82.6 96.3
Sources of lead

from fuels 78.2 88.5
Pesticides 43.8 63.4
lonizing/nonionizing

radiation 27.2 16.0
Chemical warfare agents 4.6 6.4
Physical trauma 37 5.6

14.7% of PGW military personnel vs 6.6%
of non-PGW military personnel had
symptoms of 2 or more medical and psy-
chiatric conditions. Similar differences
in the prevalence of 2 or more medical
and psychiatric conditions between PGW
and non-PGW military personnel were
observed for the regular military and
National Guard/Reserve study groups.

Although symptoms of fibromyalgia,
alcohol abuse, generalized anxiety dis-
order, and sexual discomfort (respon-
dent and respondent’s female partner)
were more frequently observed among
PGW military personnel, the rate of skin
cancer was only marginally elevated in
this population, and the rates of aplastic
anemia and injury were similar to those
observed for non-PGW military person-
nel (Tables 3 and 4). Similar differences
were observed between PGW and non-
PGW military personnel within the regu-
lar military and National Guard/Reserve
study groups. As with major medical
and psychiatric conditions, the differ-
ences between PGW and non-PGW mili-
tary personnel were more apparent in
the National Guard/Reserve than in the
regular military. Among PGW military
personnel, National Guard/Reserve per-
sonnel were more likely to have symp-
toms suggestive of alcohol abuse than
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Table 3.-—Estimated Prevalence of Medical and Psychiatric Conditions*

PGW Military Non-PGW Military
[ | ! 1
Regular National Guard/ Regular National Guard/
Military Reserve Military Reserve
Condition (N=985) (N=911) (N=968) (N=831)
Depressive symptoms
Major depression 8.1 (0.8) 10.1 (0.6) 3.9 (0.6) 5.3(0.6)
Minor depression 15.4 (1.1) 17.5 (0.8) 9.8 (1.0) 11.4(0.9)
Chronic dysphoria 5.3(0.7) 8.4 (0.6) 3.2 (0.6) 4.0 (0.5)
Any type of depression 16.4 (1.1) 19.6 (0.8) 10.7 (1.0) 12.6 (0.9)
Symptoms of PTSDt 1.9(0.4) 2.0(0.3) 0.7 (0.3) 1.1(0.3)
Symptoms of chronic fatigue 1.0 (0.3) 2.9(0.3) 0.2(0.2) 1.1(0.3)
Symptoms of cognitive
dysfunction 17.7 (1.1) 23.4 (0.9) 7.4 (0.9) 9.5(0.8)
Symptoms of airway disease
Bronchitis 3.2(0.5) 6.2 (0.5) 2.8 (0.6) 1.9 (0.4)
Asthma 6.7 (0.7) 9.4 (0.6) 3.8 (0.6) 6.1(0.7)
Symptoms of fibromyalgia 18.2(1.2) 23.8 (0.9) 9.2(0.9) 13.2(0.9)
Symptoms of alcohol abuse 17.0(1.1) 19.4 (0.8) 12.2(1.1) 16.8(1.0)
Symptoms of anxiety disorder 3.9 (0.6) 4.5 (0.4) 1.9(0.4) 1.0(0.3)
Reported injuries 24.6 (1.3) 24.5(0.9) 23.0 (1.4) 23.5(1.2)
Reported impairing injuries 3.6 (0.6) 4.9(0.4) 3.6 (0.6) 4.5(0.6)
Any cancer 1.0(0.3) 1.9 (0.3) 1.0(0.3) 0.6 (0.2)
Skin cancer 0.8 (0.3) 1.1 (0.2) 0.6 (0.2) 0.2(0.1)
Aplastic anemia 0.1(0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Symptoms of sexual discomfort
Respondent 5(0.3) 1.1(0.3) 1.2(0.3)
Female partner of respondent 5.0(0.7 (0.5 2.4(0.5) 2.1(0.4)

*Values are prevalence rates per 100 study subjects (SE). Rates in each cell depend on the number of subjects
responding to each set of items. PGW indicates Persian Gulf War; PTSD, posttraumatic stress disorder.
tScore of 50 or higher on the PTSD Checklist-Military.

Table 4 —Prevalence Differ.ences in Medical and Psychiatric Conditions*

Prevalence Difference (95% Confidence Interval)t

PGW vs Non-PGW

Nationat Guard/

PGW Only,

1 National Guard/

Reserve vs

Condition All Subjects Regular Military Reserve Regular Military
Depressive symptom
Major depression 4.0(2.7t05.4)t 3.6(1.6t05.6)t 4.5(2.7t06.3)t 0.2(-22t26)
Minor depression 5.4(3.5t07.3)} 4.6 (1.8t07.4)¢ 62(38t086)F -12(-42101.8)
Chronic dysphoria 3.0(1.9t04.2)¢ 1.8(0.1t03.5)t 4.4(28106.0)t 1.3{(-0.7103.2)
Any type of depression 4.7 (1.7t0 7.6)% 7.4(4.9109.8)t -0.2(-3.2102.9)
0.9¢ )

Symptoms of PTSD§

)
6.0 (4.0t0 7.9)F
0.9 (0.3t0 1.5)¢

—0.1t01.9)

0.9(0.0t0 1.7)1

—-0.9(-2.1100.3)

Symptoms of chronic
fatigue

1.4 (0.9 10 2.0)%

0.7 (0.1t0 1.3)¢

22(1.3t03.1)¢

1.1(0.1t02.2)¢

Symptoms of cognitive
dysfunction

10.9(9.0t0 12.7)%

8.1 (5.410 10.9)¢

13.9(11.51016.3) 2.1 (-1.1105.3)

Symptoms of airway disease
Bronchitis

23(1.1t03.4)t

0.1(-151t01.7)

4.6 (2.8106.3)%

1.6 (—0.4 to 3.6)

Asthma 2.3(0.7t03.9)t 1.8(-03t038) 29(05t052)% 1.3(-1.3103.8)
Symptoms of fibromyalgia 93(7310 112t 7.7(4.8%010.7)t 11.0(8.41t013.6)t 0.9(~24t04.1)
Symptoms of alcohol abuse 2.4 (0.4to4.5)¢ 2.3(-0.8105.4) 2.6(-0.1t05.3) 4.4(1.4t074)t
Symptoms of anxiety

disorder 2.7(1.8103.7)t 1.9 (0.4103.3)t 37(27t04.7)f -0.4(-20101.3)
Reported injuries 05(-191029) -02(-3.9103.5) 1.2(-181042) -~12(-45%22)
Reported impairing injuries 0.2(-0.9101.3) 0.3(-1.3t01.9) 0.2(~1.3t01.6) 0.4 (-1.2t02.0)
Any cancer 0.8(0.2t01.4)¢ 0.3(-061t01.2) 1.3 (0.6 to 2.0) 0.6 (—-0.110 1.3)
Skin cancer 0.8(0.4t01.3)t 0.5(-0.2t01.3) 1.1 (0.6 to 1.6) 0.2(-0.4t00.8)
Aplastic anemia 0.1(-0.11t00.2) 0.1(-0.1t004) 0.0(0.0t00.0) -0.1(~0.2100.1)

Symptoms of sexual
discomfort
Respondent

0.8 (0.210 1.5)¢

0.5(—0.41t01.4)

1.2(0.3t02.1)%

08(-02t01.9)

Female partner
of respondent

28(1.7t04.0)%

22(03to 4.1t

3.6 (2.3104.8)¢

*PGW indicates Persian Gulf War; PTSD, posttraumatic stress disorder.

1.0(-0.8102.8)

tThe Cochran-Mantel-Haenszel rate differences were adjusted for age, sex, race, branch of military, and rank.

tIf the confidence interval does not include 0, ie, no difference in the rates, the prevalence difference is statistically
significant (P<.05).

§Score of 50 or higher on the PTSD Checklist-Military.
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regular military personnel. Prevalence
rates of self-reported medical conditions
not expected to be associated with ser-
vice in the Persian Gulf, such as aplastic
anemia, leukemia, lymphoma, injuries,
skin blisters, or skin sores, were not
increased in the PGW cohort.

The relationship between self-reported
exposures and conditions suggests that
no single exposure is related to the medi-
cal and psychiatric conditions among PGW
military personnel. In fact, among PGW
military personnel, most of the self-re-
ported PGW exposures (pyridostigmine
use, solvents/ petrochemicals, smoke/com-
bustion products, sources of infectious
agents, psychological stressors, sources
of lead from fuels, pesticides, jonizing/
nonionizing radiation, chemical warfare
agents, and physical trauma) are signifi-
cantly related to many of the medical and
psychiatrie conditions.

Forinstance, among PGW military per-
sonnel, any depression was associated
with an increased prevalence of expo-
sure to solvents/petrochemicals (preva-
lence exposure difference, 6.1; P<.001),
smoke/combustion products (prevalence
exposure difference, 4.5; P<.001), sources
ofinfectious agents (prevalence exposure
difference, 5.7; P<.001), sources of lead
from fuels (prevalence exposure differ-
ence, 7.4; P<.001), pesticides (prevalence
exposure difference, 8,7; P<.001), ioniz-
ing/nonionizing radiation (prevalence ex-
posure difference, 13.4; P=.03), chemical
warfare agents (prevalence exposure dif-
ference, 8.6; P<.001), and pyridostigmirie
use (prevalence exposure difference, 9.4;
P<.001). Similarly, among PGW military
personnel, cognitive dysfunction was as-
sociated with an increased prevalence
of exposure to solvents/petrochemicals
(prevalence exposure difference, 6.6;
P<.001), smoke/combustion products
(prevalence exposure difference 5.1;
P<.001), sources of lead from fuels
(prevalence exposure difference, 8.6;
P<.001), pesticides (prevalence exposure
difference, 14.2; P<.001), ionizing/non-
ionizing radiation (prevalence exposure
difference, 15.3; P<.001), chemical war-
fare agents (prevalence exposure differ-
ence, 6.8; P<.001), pyridostigmine use
(prevalence exposure difference, 12.0;
P<.001), sources of infectious agents
(prevalence exposure difference, 5.5;
P<.001), and physical trauma (prevalence
exposure difference, 3.0; P=.02). In ad-
dition, among PGW military personnel,
fibromyalgia was associated with an
increased prevalence of exposure to
solvents/petrochemicals (prevalence ex-
posure difference, 4.6; P<<.001), smoke/
combustion products (prevalence expo-
sure difference, 5.7; P<.001), sources of
infectious agents (prevalence exposure
difference, 4.8; P=.001), psychological
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stressors (prevalence exposure differ-
ence, 3.4; P=.004), sources of lead from
fuels (prevalence exposure difference, 6.7;
P<.001), pesticides (prevalence exposure
difference, 11.0; P<<.001), ionizing/non-
ionizing radiation (prevalence exposure
difference, 12.2; P<.001), chemical war-
fare agents (prevalence exposure differ-
ence, 8.1; P<.001), pyridostigmine use
(prevalence exposure difference, 16.4;
P<.001), and physical trauma (prevalence
exposure difference, 4.9; P<<.001).

Place of zervice within the PGW the-
ater was significantly associated with
depression, cognitive dysfunction, and
fibromyalgia, with those PGW military
personnel who spent most of their time
in Iraq, Saudi Arabia, or Kuwait report-
ing higher prevalence rates of any de-
pression (prevalence exposure differ-
ence, 3.1; P=.05), cognitive dysfunction
(prevalence exposure difference, 5.2;
P<.001), and fibromyalgia (prevalence
exposure difference, 6.3; P<<.001) than
military personnel stationed in other
parts of the PGW theater.

Results from the assessment of health-
related quality of life as measured by the
Medical Outcomes Study SF-36 (Figure)
were consistent with the higher preva-
lence of symptoms of medical and psy-
chiatric conditions among PGW military
personnel (Tables 3 and 4). These results
demonstrate diminished physical func-
tioning across all subscales, with large
absolute differences between PGW and
non-PGW military personnel noted for
bodily pain, general health, and vitality.
Similar differences in health-related qual-
ity of life between PGW and non-PGW
military personnel were observed within
the regular military and National Guard/
Reserve study groups (data not shown).
However, among PGW military person-
nel, compared with regular military per-
sonnel, National Guard/Reserve person-
nel were observed to have decreased
scores only for general health, vitality,
and a composite measure of mental health
(data not shown). The SF-36 scores in
our study cohort are consistent with those
reported in a similar population of young
subjects surveyed by telephone.” Among
PGW military personnel, the self-re-
ported medical and psychiatric conditions
were significantly related to self-reports
of decreased performance at work and
interference with social activities derived
from the SF-36.

Reliability was tested in approxi-
mately 5% of the study population. A
total of 184 cases were selected for a
reliability interview and 165 reliability
interviews were completed. Results in-
dicate a high degree of test-retest agree-
ment (89.6%-97.0%), with k scores rang-
ing from 0.39 to 0.79 across the medical
and psychiatric conditions.
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The PGW military personnel had a
lower mean=SE Marlow-Crowne Social
Desirability score than the non-PGW mili-
tary personnel (5.36=0.05 vs 5.58+0.06,
P=.06), suggesting that PGW military
personnel were less likely to be affected
by social desirability in responding to
questions. In further analyses, we found
that statistically significant lower scores
for the PGW military personnel applied
only to the National Guard/Reserve com-
parison (P<.001).

COMMENT

Our results indicate that military per-
sonnel who participated in the PGW have
ahigher self-reported prevalence of medi-
cal and psychiatric conditions than con-
temporary military personnel who were
not deployed to the Persian Gulf. These
medical and psychiatrie conditions include
symptoms of depression, PTSD, chronic
fatigue, cognitive dysfunction, bronchitis,
asthma, fibromyalgia, alcohol abuse, anxi-
ety, sexual discomfort, and diminished
mental and physical functional health. Al-
though similar qualitative differences in
self-reported medical and psychiatric con-
ditions were observed between PGW and
non-PGW military personnel among the
regular military and the National Guard/
Reserve, larger differences in prevalence
between PGW and non-PGW military per-
sonnel were consistently demonstrated
within the National Guard/Reserve com-
parison. These differences between PGW
and non-PGW military personnel estab-
lish the need to further investigate the
potential clinical implications of these find-
ings. Our findings also highlight the need
for additional studies to investigate the
etiologic and biological factors that account
for these observations.

The finding of a higher prevalence of
symptom reporting among PGW veter-
ans has been noted previously.'$% A clus-
ter investigation of PGW veterans and
3 comparison units found that PGW vet-
erans reported a higher prevalence of
13 chronic symptoms, including depres-
sion, memory and concentration diffi-
culties, and fatigue.® However, physi-
cal examinations and laboratory testing
of those reporting symptoms found no
pattern of documented abnormalities.®
Our finding that the PGW veterans self-
reported a wide range of medical and
psychiatric conditions is similar to the
experience of the large case series of the
Veterans Affairs Persian Gulf Regis-
try! and the Department of Defense
Comprehensive Clinical Evaluation Pro-
gram. In aggregate, these results sug-
gest that PGW veterans report a higher
prevalence of medical and psychiatrie
conditions that involve multiple organ
systems. However, it should be noted
that some illnesses, such as viscerotopic
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Results (mean scores, with error bars indicating SE)
of the 36-ltem Medical Outcomes Study Short Form
(SF-36) subscales for all Persian Gulf War (PGW)
and non-PGW study subjects. A score of 100 indi-
cates no impairment. Asterisk indicates P<.01.

leishmaniasis, have been found to be
unique to PGW veterans.®

Several explanations may account for
the higher prevalence of self-reported
symptoms of medical and psychiatric
conditions among PGW veterans. One po-
tential explanation is that a distinct cause
or exposure is responsible for each of the
self-reported medical and psychiatric
conditions. For instance, while inhalation
of sulfur dioxide might account for the
higher prevalence of bronchitis or asthma,
exposure to psychological stressors could
contribute to the development of psychi-
atric conditions (depression, PTSD, and
anxiety). Analternative and equally plau-
sible explanation for our findings is that
one specific psychiatric condition, such as
depression, represents the primary or fun-
damental medical condition associated
with the PGW. This would imply that the
other conditions observed more fre-
quently in PGW military personnel
represent medical problems that are
pathogenically related to depression.
Third, exposures or prophylactic mea-
sures found to be safe and well-tolerated
alone may act synergistically with other
exposures encountered in military set-
tings and thus cause more severe dis-
ease. Results from a recently published
animal study indicate that simultaneous
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exposure to large doses of agents used in
the Persian Gulf, including insectlcldles
(DEET and permethrin) and pyridostig-
mine, substantially enhances the overall
acute toxic effects of these agents.* How-
ever, whether these agents act synergis-
tically to cause long-term health effectsis
less clear. Fourth, the self-reported medi-
caland psychiatric conditions among PGW
military personnel potentially involve the
central nervous system, lungs, musculo-
skeletal system, and genitourinary sys-
tem, raising the possibility that these in-
dividuals have a multisystemic condition
that does not fit well into an established
category of disease. Although this expla-
nation is possible and scientifically intrigu-
ing, little evidence exists. Finally, the
medical and psychiatric conditions that
were reported among PGW military per-
sonnel may not be unique to the PGW.
These symptoms are analogous to condi-
tions reported by veterans of other wars,
dating back to the US Civil War,® and
may be caused by the experience of war-
fare rather than by a specific exposure.
Analternative explanation for our find-
ing is differential recall between PGW
and non-PGW military personnel. Recall
bias, which could substantially alter the
frequency of illness or exposures between
exposed and nonexposed subjects, is a
potential problem in any retrospective
epidemiologic study.**? Subjects sensi-
tized by the media or by medical pr ofes-
sionals about the possible relationship be-
tween adverse exposures and ill health
may report more exposures and/or symp-
toms. However, the extent to which dis-
ease and exposure characteristics influ-
ence differential recall is not well
understood or frequently studied.®™® A
similar study of Vietnam veterans dem-
onstrated high rates of nonspecific symp-
toms, although most of their symptoms
were not found to be associated with or-
ganic disease.*** Similar discrepancies
have been reported recently in an inves-
tigation of a cluster of unexplained ill-
nesses among PGW veterans in a Penn-
sylvania Air National Guard unit.®
Additionally, investigation of reports of
frequent birth defects among children of
PGW veterans in Mississippi could not
confitm an increase in birth defects.®s A
recent investigation demonstrated that
mortality rates were higher among vet-
erans deployed to the Persian Gulf than
among veterans deployed elsewhere, al-
though most of this increase was caused
by unintentional injuries.* The PGW mili-
tary personnel who remained on active
duty were not at increased risk of hos-
pitalization in the 2 years after the war.#
Our study included a wide range of medi-
cal and psychiatric illnesses more likely
to be evaluated in ambulatory care visits
and therefore not addressed by these prior
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studies. Moreover, results from the Mar-
low-Crowne Social Desirability Scale and
the relationship between the prevalence
of medical and psychiatrie conditions and
both exposures in the PGW theater and
diminished functioning at home and at
work suggest that these self-reported con-
ditions may represent medical and psy-
chiatric diseases among PGW veterans.
However, the results from these analy-
ses should not be overinterpreted, and
the degree to which differential recall ac-
counts for our study conclusions can only
be assessed by more objective clinical
measures of these specific medical and
psychiatric conditions.

The PGW National Guard/Reserve
personnel reported more symptoms of
chronic fatigue, alcohol abuse, and de-
creased mental health status than the
PGW regular military personnel. How-
ever, none of the other medical or psy-
chiatric conditions were more prevalent
among the PGW National Guard/Reserve
personnel than among the PGW regular
military personnel. These findings are
somewhat anomalous because, compared
with the regular military personnel, the
National Guard/Reserve personnel spent
less time in the PGW theater, were more
likely to be involved in combat support
roles, and probably had fewer overall en-
vironmental exposures. However, the
National Guard/Reserve personnel were
older, were less prepared for combat,
and may have been exposed to different
types of psychological stressors.

Several limitations are inherent in the
design and execution of this study. First,
limiting the study population to subjects
with a home of record of lowa may com-
promise the generalizability of the results.
Iowa has a relatively low proportion of
minorities, and some individuals may have
unique exposures related to agriculture
that could account for some of our find-
ings. However, PGW veterans in this
study were distributed throughout the
Persian Gulf, as indicated by the large
number of military units to which they
were assigned during the conflict. This
suggests that our study population may
have been exposed to a large number of
potentially hazardous agents and that
these exposures are likely generalizable
to other PGW veterans. Second, differ-
ential participation by selected demo-
graphic subgroups, although relatively mi-
nor, may limit our ability to generalize to
other populations. However, given the
high response rate and participation rate,
nonresponse bias is unlikely to explain
the observed differences. Third, although
the telephone interview 1ncluded validated
instruments that have been tested for
most of our medical outcomes, internal
validation of the responses was not as-
sessed. Fourth, only limited analyses have

been performed to compare rates of self-
reported medical and psychiatric condi-
tions among the subjects in different study
domains. It is possible that further analy-
ses may provide additional insight into
the biological and etiologic relationships
of illness in this population. Fifth, the
analysis required multiple comparisons
that could have revealed statistically sig-
nificant relationships by chance alone. Be-
cause this study was designed to provide
an overall description of the self-report
status of PGW veterans, we decided not
to statistically control for the number of
comparisons. Finally, the medical and psy-
chiatric conditions we report are based
exclusively onself-reported symptoms and
have not been validated by objective
physical or laboratory findings.

Results from our study establish the
need for further investigation. Additional
attention should be given to objective
clinical measures to determine whether
the self-reported medical and psychiatric
conditions represent bona fide clinical ill-
nesses. A second area that needs further
investigation is the medical condition of
women and minority PGW veterans. Low
proportions of women and minority sub-
jects were included in our study popula-
tion, limiting our ability to address this
issue. Future investigations should also
focus on the individual and combined ef-
fects of potential etiologic factors, such
as medications and vaccines, infectious
agents, ambient pollutants, depleted ura-
nium, biological and chemical warfare, and
psychological stressors. Moreover, the
PGW experience, with its attendant so-
cial and political ramifications, may have
been related to the higher prevalence of
self-reported medical and psychiatric con-
ditions within this cohort and should be
considered in any investigation that pro-
poses to examine the etiologic basis of
these observations. Finally, the clinical
and pathologic relevance of these PGW-
associated medical and psychiatric con-
ditions, the exposure-response and dose-
response basis of these conditions, and
the possibility that these multiple condi-
tions represent a novel disease process
unique to exposures in the Persian Gulf
need to be further characterized.
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